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Severity level 8 out of 10 
Speed time of Accident: 2 pi 

Peak Force in Cabin, 28 
Duration of Peaks force: ms 

Duration of Crash: 25 is 
Roi. Over No, Free rail: No 

Driver's Name: join Smith 
Location: 3.3838-15, 22.02835 

Nearest Address. North Wolfe Road, Sunnyvale, CA 94085 
vehicle take and citie: Toyota Coroa 

vehicle license Plate: NY 28 
vehicle Color tight Gray 

time of Accident. (3:20p, Jan. 9, 2014 
Direction of taxe: North Bound 

Dangerous cargo. No 
Passengers: 3+ 

Accident Video Available: ht : 
visitiece it:8:8-8-8 
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Vehicle Phone Number:408-779-81.42 
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Ser. No. 13/986, 211, both filed on Apr. 13, 2013, both of 
which claim priority from and are a Continuation-In-Part 
patent application of previously filed U.S. application Ser. 
No. 12/586,374, filed Sep. 20, 2009, now U.S. Pat. No. 8,547, 
435, issued Oct. 1, 2013. This application also claims priority 
from and the benefit of U.S. Provisional Application Ser. No. 
61/959,837, filed on Sep. 1, 2013, which is incorporated 
herein by reference. This application also claims priority 
from and the benefit of U.S. Provisional Application Ser. No. 
61/959,828, filed on Sep. 1, 2013, which is incorporated 
herein by reference. This application also incorporated herein 
application Ser. No. 14/147,580, filed on Jan. 5, 2014 by 
reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The invention relates generally to the field of Sur 
veillance and specifically to the field of mobile video security. 
More particularly, the present invention relates to vehicle 
safety and accident detection. 
0004 2. Description of the Background Art 
0005. The evidentiary recording of video is used in some 
commercial vehicles and police cruisers. These systems cost 
several thousand dollars and also are very bulky to be 
installed in regular cars, as shown in FIGS. 1 and 2. Also, 
there are certain video recording systems for teenager driving 
Supervision and teenager driver analytics that is triggered by 
certain threshold of acceleration and deceleration and records 
several second before and after each Such trigger. In today’s 
accidents, it is not clear who is at fault, because each party 
blames each other as the cause of accident, and police, unless 
accident happened to be actually observed by the police sim 
ply fills accident reports, where each party becomes respon 
sible for their own damages. Driving at the legal limit causes 
tail gating, and other road rage, and later blaming the law 
abiding drivers. Also, there is exposure to personal injury 
claims in the case of pedestrian's jay walking, bicycles going 
in the wrong direction, red light runners, etc. Witnesses are 
very hard to find in Such cases. 
0006 A vehicle video security system would provide evi 
dentiary data and put the responsibility on the wrongful party 
and help with the insurance claims. However, it is not possible 
to spend several thousand dollars for Such security for regular 
daily use in cars by most people. 
0007. A compact and mobile security could also be worn 
by Security and police officers for recording events just as in 
a police cruiser. A miniature security device can continuously 
record daily work of officers and be offloaded at the end of 
each day and be archived. Such a mobile security module 
must be as small as an iPod and be able to be clipped on the 
chest pocket where the camera module would be externally 
visible. Such a device could also be considered a very com 
pact, portable and wearable personal video recorder that 
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could be used to record sports and other activities just as a 
Video camcorder but without having to carry-and-shoot by 
holding it, but instead attaching to clothing Such as clipping. 
0008 Mobile Witness from Say Security USA consists of 
a central recording unit that weighs several pounds, requires 
external cameras, and records on hard disk. It uses MPEG-4 
Video compression standard, and not the advanced H.264 
video compression. Some other systems use H.264 but record 
on hard disk drive and have external cameras, and is quite 
bulky and at cost points for only commercial vehicles. 
0009 Farneman (US Patent Application 20060209187) 
teaches a mobile video surveillance system with a wireless 
link and waterproof housing. The camera sends still images or 
movies to a computer network for viewing with a standard 
web browser. The camera unit may be attached to a power 
Supply and a solar panel may be incorporated into at least one 
exterior Surface. This application has no local storage, does 
not include Video compression, and continuously streams 
Video data. 
(0010 Cho (US Patent Application 2003.0156192) teaches 
a mobile video security system for use at the airports, shop 
ping malls and office buildings. This mobile video security 
system is wireless networked to central Security monitoring 
system. All of security personnel carry a wireless hand held 
personal computer to communicate with central video secu 
rity. Through the wireless network, all of security personnel 
are capable to receive video images and also communicate 
with each other. This application has no local storage, does 
not include Video compression, and continuously streams 
Video data. 
(0011 Szolyga (U.S. Pat. No. 7,319,485, Jan. 15, 2008) 
teaches an apparatus and method for recording data in a 
circular fashion. The apparatus includes an input sensor for 
receiving data, a central processing unit coupled to the buffer 
and the input sensor. The circular buffer is divided into dif 
ferent sections that are sampled at different rates. Once data 
begins to be received by the circular buffer, data is stored in 
the first storing portion first. Once the first storage portion 
reaches a predetermined threshold (e.g. full storage capacity), 
data is moved from the first storage portion to the second 
portion. Because the data, contents of the first storage portion 
are no longer at the predetermined threshold, incoming data 
can continue to be stored in the first storage portion. In the 
same fashion, once the second storage portion reaches a pre 
determined threshold, data is moved from the second storage 
portion to the third storage portion. Szolyga does not teach 
Video compression, having multiple cameras multiplexed, 
removable storage media, video preprocessing for real-time 
lens correction and video performance improvement and also 
motion stabilization. 

0012 Mazzilli (U.S. Pat. No. 6,333,759, Dec. 2055, 2001) 
teaches 360 degree automobile video camera system. The 
system consists of camera module with multiple cameras, a 
multiplexer unit mounted in the truck, and a Video Cassette 
Recorder (VCR) mounted in trunk. Such a system requires 
extensive wiring, records video without compression, and 
due to multiplexing of multiple video channels on a standard 
video, it reduces the available video quality of each channel. 
0013 Existing systems capture video data at low resolu 
tion (CIF or similar at 352x240) and at low frame rates (<30 
fps), which results in poor video quality for evidentiary pur 
poses. Also, existing systems do not have multiple cameras, 
Video compression, and video storage not incorporated into a 
single compact module, where advanced H.264 video com 
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pression and motion stabilization is utilized for high video 
quality. Furthermore, existing systems are at high cost points 
in the range of S1,000-$5,000, which makes it not practically 
possible to be used in consumer systems and wide deploy 
ment of large number of units. 
0014. Also, the video quality of existing systems is very 
poor, in addition to not supporting High Definition (HD), 
because motion stabilization and video enhancement algo 
rithms such as Motion-Adaptive spatial and temporal filter 
algorithms are not used. Furthermore, most of the existing 
systems are not connected to the internet with fast 3G or 4G 
wireless networks, and also do not use adaptive streaming 
algorithms to match network conditions for live view of acci 
dent and other events by emergency services or for fleet 
management from any web enabled device. 
0.015 Automatic Severe Accident Detection 
0016. The high demand of automobiles has also increased 
the traffic hazards and the road accidents. Currently, some of 
the high-end cars have automatic severe accident systems, but 
these are only impact based, and do not have the capability to 
transmit video accident information, and also do not connect 
to the Internet Protocol (IP) based emergency service centers. 
0017. In a head-on collision, Newton’s third law dictates 
that the forces on the vehicles are equal but opposite in direc 
tion, for example in a truck colliding with a smaller vehicle as 
shown in FIG. 14. Impulse is force multiplied by time, and 
time of contact is the same for both, so the impulse is the same 
in magnitude for the two vehicles. Change in momentum is 
equal to impulse, so changes in momenta are equal. With 
equal change in momentum and Smaller mass, the change in 
velocity is larger for the smaller truck. Since acceleration is 
change in Velocity over change in time, the acceleration is 
greater for the smaller vehicle. 
0018. Increasing the time interval during which the 
momentum of an occupant of a car changes from Some initial 
value to Zero is also the way to reduce injuries in car acci 
dents. Let us look at a particular accident. An 800 kg car 
driving at 60 miles/h or 26.8 m/s loses traction in a curve and 
hits the wall of a house. When it hits, it has slowed downto 40 
miles/h or 17.9 m/s. It breaks through the wall and comes to 
rest in the living room, 2 m from the wall. 
0019 For the car's speed to decrease from 17.9 m/s to 0 
over a distance of 2 m the magnitude of its average accelera 
tion must be 80 m/s’=8.2 g with g=9.8 m/s. This will take 
0.22s. The momentum of a driver with m=60 kg changes 60 
kg 17.9 m/s=1074 Ns to zero in 0.22 s. The average force 
acting on the 60 kg driver over the 0.22 S time interval is 
F=ma=4806 N if he wearing a seat belt and is securely 
strapped into his car seat. This is probably a Survivable acci 
dent. 
0020. If the driver does not wear a seatbelt, he will initially 
keep on moving forward at 17.9 m/s. In 0.1 seconds he will 
have covered a distance of approximately 1.8 m. The distance 
the car has covered in 0.1 s is approximately 1.4 m. If he sits 
initially 40 cm from the steering wheel, then his body will 
slam into the wheel and his head will slam into the windshield 
after approximately 0.1 s. The car has slowed down, and the 
car's speed after 0.1 s is approximately 9.9 m/s, so the driver 
slams into the steering wheel with a relative speed of 17.9 
m/s-9.9 m/s=8 m/s=18 miles/h. If after an additional 0.02 
seconds he travels with the speed of the car, v=8.3 m/s, then 
his momentum has changed from p=60 kg 17.9 m/s to p=60 
kg 8.3 m/s in 0.02 s. This requires a force of 28800 N and an 
acceleration of 49 g. Now the accident is probably no longer 
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survivable. Wearing a seatbelt increases the collision time for 
the driver and therefore reduces the force acting on him dur 
ing the collision. 
0021. In an after-market device, the first challenge is 
detecting accident without electronic control unit interaction. 
Conventional in-vehicle accident detection systems rely on 
sensor networks throughout the car and direct interaction 
with the vehicle's electronic control units (ECUs). These 
sensors detect acceleration/deceleration, airbag deployment, 
and vehicular rollover 7, 8). Metrics from these sensors aid in 
generating a detailed accident profile, such as locating where 
the vehicle was struck, number of times it was hit, severity of 
the collision, and airbag deployment. 
0022. The second challenge is to prevent false positives. 
Vehicle-based accident detection systems monitor a network 
of sensors to determine if an accident has occurred. Instances 
of high acceleration/deceleration are due to a large change in 
velocity over a very short period of time. These speeds are 
hard to attain if a vehicle is not controlled by a human driver, 
which simplifies accident detection since we can assume any 
instance of high acceleration constitutes a collision involving 
human drivers. Since after-market devices are portable, how 
ever, it is not as hard to attain such speeds. For instance, it is 
not hard to drop an after-market device from six feet in the air, 
but dropping a vehicle from that height would require signifi 
cantly more effort. In the event of an accident, the after 
market device will experience the same forces and accelera 
tions experienced by the occupants of the vehicle. Moreover, 
if the after-market device remains stationary relative to the 
vehicle during the collision, it is possible to use the data 
gathered from it to recreate and model the forces it experi 
enced, because the forces that are experienced in the cabin of 
a vehicle are less than the front-end of the vehicle, for 
example. 
0023 The accident sensors currently used in high-end 
vehicles are designed as so-called acceleration sensors. In the 
event of an accident, they detect the acceleration or decelera 
tion that occurs upon impact. If the acceleration or decelera 
tion exceeds a critical value, motor-vehicle safety devices, 
Such as seat-belt tighteners or airbags, are triggered. Usually, 
a plurality of acceleration sensors is mounted to the motor 
vehicle, with each acceleration sensor detecting the accelera 
tion or deceleration in one spatial direction for detecting a 
front or side impact, as well as rolling of the vehicle. 
(0024 Hans et al. (USPTO Application 2004014.4587) 
filed Jan. 20, 2004, Mark Cuddihy et al. (USPTO Application 
2005004.0937) filed Sep. 14, 2005, and Satoru Ooga (USPTO 
Application 20090015684) filed on Jul. 11, 2008 discuss a 
crash notification system for an automotive vehicle as fol 
lows: A crash notification system for an automotive vehicle is 
used to communicate with a communication network and 
ultimately to a response center. The system within vehicle 
includes an occupant sensor that generates an occupant sen 
Sor status signal. A crash sensor, a vehicle identification num 
ber memory, or a vertical acceleration sensor may also be 
used to provide information to the controller. The controller 
generates a communication signal that corresponds to the 
occupant sensor status signal and the other information So 
that appropriate emergency personnel may be deployed. 
(0025 U.S. Pat. No. 7,119,669 by Lundsgaard, et al. and 
issued on Oct. 10, 2006 is for a method and apparatus for 
detecting vehicular collisions. It discloses a portable elec 
tronic device, like a cellular telephone is capable of detecting 
collisions between vehicles and notifying the proper authori 
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ties. The device includes a microprocessor and memory, in 
addition to an accelerometer and global positioning systems 
receiver. The memory includes at least one filter for screening 
out false positives, which are false collision detections. In one 
embodiment, the device determines its velocity. It then 
checks to see if its Velocity falls within a range associated 
with moving vehicles. If so, the device monitors the acceler 
ometer. When acceleration values in excess of a predeter 
mined threshold are detected, the device pauses and again 
checks its velocity. If the velocity has fallen from the range 
associated with moving vehicles to a range associated with a 
vehicle that has sustained a collision, the device notifies emer 
gency personnel that a collision has occurred. 
0026 U.S. Pat. No. 6,922,137 by Bycroft and issued on 
Jul. 26, 2005 is for a collision and theft alert system. It 
discloses a collision and theft alert System comprising several 
components in combination. First provided is a vehicle hav 
ing a keypad and a power Source. A processor is operatively 
coupled to the power source and to the keypad and is capable 
of receiving an incoming signal and sending an outgoing 
signal. The processor can activate an emergency distress call 
with GPS location. The processor also is operatively coupled 
to and activates at least one strobe light, which is operatively 
coupled to the vehicle. The strobe light has a non-deployed 
state and a deployed State. 
0027 U.S. Pat. No. 6,487,500 by Lemelson, et al. and 
issued on Nov. 26, 2002 is for a GPS vehicle collision avoid 
ance warning and control system and method. It discloses a 
GPS satellite ranging signals received on comm1, and DGPS 
auxiliary range correction signals and pseudo lite carrier 
phase ambiguity resolution signals from a fixed known earth 
base station received at one of a plurality of vehicles/aircraft/ 
automobiles are computer processed to continuously deter 
mine the one's kinematic tracking position on a pathway with 
centimeter accuracy. 
0028 US Patent Application 20080195261 by David 
Breed filed on Oct. 25, 2007 is for an arrangement for a 
vehicle including a sensor system arranged on the vehicle for 
sensing an event requiring an emergency response, a location 
determining device for determining the location of the 
vehicle, a communication device arranged on the vehicle for 
automatically communicating to a remote location when an 
event has occurred that the event has occurred and providing 
the remote location with the determined location of the 
vehicle, and a power Source for providing power for the 
sensor System, the location determining device and the com 
munication device. The communication device communi 
cates to the remote location upon occurrence of the event. The 
location determining device may be arranged partially or 
entirely on the vehicle or elsewhere. The remote location may 
be an emergency response center which can direct aid to the 
vehicle's location. 

0029 US Patent Application 20080195261 by David 
Breed is for a method and system for deploying an occupant 
restraint device in a vehicle includes arranging a sensor to 
detect a rear impact and deploying the occupant restraint 
device when the sensor detects the rear impact of sufficient 
magnitude to require deployment of the occupant restraint 
device to prevent injury to the occupant. The sensor may be a 
crush sensor which preferably extends across a majorportion 
of the rear of the vehicle, an inertial sensor and/or an antici 
patory sensor. 
0030 US Patent Application 20050275522 by Karl Nitzet 

al. filed on May 28, 2004 is for a localized accident notifica 
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tion system includes an accident detector that detects a crash 
ofa Vehicle and an external alert system to provide an external 
alert by the vehicle that can be noticed by any people in the 
vicinity of the crash. Upon an indication of a crash from the 
accident detector a controller can direct the external alert. The 
external alert can have special notification properties. The 
accident detector may only operate if the vehicle ignition is on 
to discriminate from a theft alarm. The accident detector can 
include accelerometers, air bag detectors, or tilt sensors. 
0031 US Patent Application 20050030224 by Robert 
Koch et al. filed on Aug. 7, 2003 is for methods, systems and 
mobile terminals for vehicle crash detection using a position 
ing system. A vehicle crash is detected by detecting a crash 
condition of the vehicle using a Positioning System (PS) 
receiver (such as a Global Positioning System (GPS) 
receiver) on the vehicle. A wireless emergency signal may be 
generated responsive to detection of the crash condition using 
the PS receiver. 

0032. OnStar For-My-Vehicle (FMV) provides an after 
market device by General Motors (GM) for automatic colli 
sion detection and notification. This device requires the use of 
a call-center, which requires S200 annual fees to be paid by 
user. More importantly, this device uses call center commu 
nication, which then have to be relayed to an emergency 
service center. This causes missing and inaccurate informa 
tion, and significantly delays in Such a relay of information, 
which in 15 percent of the accident lives to be lost due to 
delays in getting emergency services due to the indirection 
and delays in relaying of the information. Furthermore, some 
time based on driving style there are false triggers of emer 
gency. In addition, only accelerometers are used without any 
context information, and gyroscope and free-fall and roll 
over sensing is not utilized. Moreover, no video information 
about accident is provided, which results in call-center per 
sonnel to continuously and repetitively seek info from the 
vehicle driver: Did the ambulance arrived? Did the police 
arrive? Did the ambulance arrive? Did the police arrive? 
0033 US Patent Application 2013,0006469 filed on Sep. 
23, 2011 by Green et al discloses a system and method for 
automatic traffic accident determination and notification. A 
vehicle status awareness system includes one or more devices 
which are plugged into a cigarette lighter socket for a vehicle 
to receive power and are thereby fixed in position relative to 
the vehicle. The devices include movement sensors which 
indicate changes in movement of the vehicle, a position sen 
Sor which indicates a position of the vehicle, a communica 
tions device to send and receive data to and from a remote 
device, and a control unit. The control unit is programmed to 
receive and store program parameters, determine a location of 
the vehicle, determinea movement status of the vehicle based 
on a plurality of status criteria further comprising accident 
threshold settings, and transmit one or more of the program 
parameters, vehicle location, and movement status to the 
remote device. When deceleration with more than 3Gs is 
detected and speed change delta is more than 3 mph speed 
change an accident is reported. Green also uses sound analy 
sis using a microphone that is consistent with airbag deploy 
ment and to confirm accident readings via other device sen 
sors before reporting an accident. A set of acceleration 
readings may be averaged and filtered for any of various 
reasons. It is also not clear how change in speed is calculated 
and if it includes rear-end collision cases, where a stationary 
vehicle is hit from behind. 
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0034 US Patent Application 201300.69802 on Sep. 20, 
2011 by Foghel et al discloses a system for a system for 
detecting a car accident and alerting emergency forces to an 
accident, including a Smart mobile device having an acceler 
ometer, a GPS unit, a processor connected thereto. The pro 
cessor receives real time readings of measurement values 
received from the accelerometer and the GPS unit, runs a 
dedicated application to detect the occurrence of a car acci 
dent according to the readings received within a period of 
time, and generates an alert signal when an accident is 
detected. The system also includes a memory connected to 
the accelerometer, the GPS unit and the processor, to store the 
measurement values and information for a predetermined 
period of time, and a transmitter connected to the processor 
and the memory to send the alert signal and the measurement 
values and information stored within the memory. The system 
also includes a base station including a receiver, and a unit for 
alerting emergency forces. Foghel checks first if the accelera 
tion is greater than a threshold value, and secondly checks if 
there is motion after 5 seconds, or if altitude changed more 
than 1.5 meter in relation to altitude at trigger time. Foghel 
also checks if the car is in motion during the first 5 minutes or 
after 5 minutes. Foghel also checks if distance travelled after 
trigger is less than 0.7 times the breaking distance, which is 
V/(254*friction coefficient), where friction coefficient is 
about 0.7 in value for a regular dry road condition. However, 
based on the weather road conditions may vary significantly 
from black ice to wet and slippery road when the raining 
initially started. This makes Foghel's estimates inaccurate. 
Also, the vehicle may not be still after 5 seconds since another 
vehicle the first vehicles involved in an accident. 

0035 US Patent Application 20120164968 filed on Dec. 
22, 2010 by Velusamy et al discloses an approach for config 
uring a mobile device to enable accident detection and noti 
fication functionality for use within a vehicle is described. An 
emergency notification platform receives position informa 
tion and acceleration information associated with a mobile 
device. The emergency notification platform applies a rule to 
the position information and the acceleration information to 
determine an alert condition. A notification message is then 
generated for presentation on the mobile device based on the 
application of the rule, wherein the notification message 
specifies information relating to the alert condition. Velusamy 
gets ready to contact emergency services when acceleration 
exceeds trigger threshold, and provides the uses a time win 
dow to cancel reporting in false positive trigger cases. 
0036 US Patent Application 20140019167 filed on Jan. 
16, 2014 by Cheng et al discloses a insurance risk rating 
system includes a driver sensor that obtains driver behavior 
data by monitoring at least one of the driver's head and one or 
more of the driver's eyes, a processing unit that compares the 
driver behavior data with reference data that relates the driver 
behavior data to loss data, and a risk rating unit that assigns a 
risk rating to the driver based on a result of the comparison by 
the processing unit. 
0037 DriveCam provides a unit for driver analytics that 
captures video when a trigger event Such as acceleration 
occurs, which is otherwise not recording. The video is sent to 
a central office where somebody watches the video and 
grades the driver. There is no embedded analytics for multiple 
driver profiles Supported. Allstate and other insurance com 
panies sell an OBD-2 plug-in device that collects and sends 
only four parameters: miles driver, speed exceeding 80 mph, 
late night driving, and hardbraking. This does not provide for 
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accurate driver analytics, because for example, if another 
vehicle cuts off causing heavy braking without fault of the 
driver, this will count as a negative point for the driver. 

SUMMARY OF THE INVENTION 

0038. The present invention provides a compact personal 
video recorder for applications in mobile and vehicle audio 
Video security for evidentiary documentation purposes, 
where a semiconductor non-volatile storage media is used to 
record audio-video in a continuous record loop. In an embodi 
ment for vehicle Video recording, two or more camera sensors 
are used, where video preprocessing includes Image Signal 
Processing (ISP) for auto exposure, auto white balance, cam 
era sensor Bayer conversion, real-time lens barrel distortion 
reduction, motion adaptive spatial and temporal filtering, 
video motion stabilization, and Adaptive Constant Bit-Rate 
algorithm defined here as an adaptive streaming method. 
H.264 video compression is used for improved video quality 
and reduced storage requirements, and provides for high 
resolution capture of multiple channels of standard definition 
video at 30 fps. An embodiment includes an accelerometer to 
also record acceleration data, and derived speed data along 
with audio and multiple channels of video in addition to 
embedded GPS location and speed data. 

BRIEF DESCRIPTION OF DRAWINGS 

0039. The accompanying drawings, which are incorpo 
rated and form a part of this specification, illustrate prior art 
and embodiments of the invention, and together with the 
description, serve to explain the principles of the invention. 
0040 Prior art FIG. 1 shows a typical vehicle security 
system with multiple cameras. 
0041 FIG. 2 shows block diagram of an embodiment of 
present invention using Solar cell and only one camera. 
0042 FIG. 3 shows block diagram of an embodiment 
using video pre-processing with two cameras. 
0043 FIG. 4 shows the circular queue storage for continu 
ous record loop of one or more channels of audio-video and 
metadata. 

0044 FIG. 5 shows block diagram of an embodiment of 
present invention with two camera modules and an acceler 
ometer. The video from two cameras can be merged into a 
single video stream with wider field of view, or handled as 
two separate video streams. 
0045 FIG. 6 shows block diagram of a preferred embodi 
ment of the present invention with three or four camera mod 
ules and an X-Y-Z accelerometer, X-Y-Z gyro sensor, com 
pass sensor, ambient light sensor and micro-SD card, 3G/4G 
LTE wireless modem, GPS, Wi-Fi and Bluetooth interfaces 
built-in, etc. 
0046 FIG. 7 shows alignment of multiple sensors for 
proper operation. 
0047 FIG. 8 shows the three camera fields-of-view from 
the windshield, where one camera module is forward looking, 
the second camera module looks at the driver's face and also 
back and left side, and the third camera module looks at the 
right and back side of the vehicle. 
0048 FIG. 9 shows the four camera fields-of-view from 
the windshield, where two cameras is forward looking, the 
third camera module looks at the driver's face and also back 
and left side, and the fourth camera module looks at the right 
and back side of the vehicle. The two front camera videos are 



US 2014/0300 739 A1 

merged into a single wide angle stereophonic video of the 
front view with depth information and wide HFOV without 
distortion. 
0049 FIG. 10 shows merging of two video streams from 
the two front-view camera with an overlapped area for 
Smooth transition of the transition area of pixels. The com 
bined HFOV is about 120-130 degrees depending upon the 
overlap angles and the HFOV of each camera which is exem 
plified as 66 degrees for this embodiment. 
0050 FIG. 11 shows the single front-view camera and two 
rear-view cameras that are not collocated, where the second 
of the rear view camera is mounted near or on the A-pillar. 
This embodiment with two facial processing cameras makes 
the facial processing for distractions and drowsiness detec 
tion more accurate. 
0051 FIG. 12 shows the preferred embodiment of prepro 
cessing and storage stages of video before the facial process 
ing for three-channel video embodiment. 
0052 FIG. 13 shows block diagram of data processing for 
accident avoidance, driver analytics, and accident detection 
and other vehicle safety and accident avoidance features. 
0053 FIG. 14 shows block diagram of connection to the 
cloud and Summary of technology and functionality. 
0054 FIG. 15 shows a first embodiment of present inven 
tion using a Motion Adaptive Temporal Filter defined here. 
0055 FIG. 16 shows embodiment of present invention 
using a Motion Adaptive Spatial Filter defined here. 
0056 FIG. 17 shows a second embodiment of present 
invention using a reduced Motion Adaptive Temporal Filter 
defined here. 
0057 FIG. 18 shows the operation and connection of 
tamper proof connection to a vehicle. 
0058 FIG. 19 shows an embodiment for enclosure and 
physical size of preferred embodiment for the front view 
(facing the road). 
0059 FIG. 20 shows a two-front view camera embodi 
ment for enclosure and physical size of preferred embodi 
ment for the front view (facing the road). 
0060 FIG. 21 shows the view of device from the inside 
cabin of vehicle and also the side view including windshield 
mounting. 
0061 FIG. 22 shows the placement of battery inside 
stacked over electronic modules over the CE label tag. 
0062 FIG. 23 shows the different speed changes and 
accelerations experienced when a large vehicle collides with 
a small vehicle. 
0063 FIG.24 shows typical G forces experienced depend 
ing on a vehicle type. 
0064 FIG. 25 shows different G forces experienced in 
different directions and the tolerance level for each direction 
for a typical 0.1 second accident with full restraint. 
0065 FIG. 26 shows the typical acceleration curve as a 
function of time in severe accident. 
0066 FIG. 27 shows an example of deceleration values 
captured by an accelerometer. 
0067 FIG. 28 shows an example of acceleration values 
experienced during a fall and acceleration during a sudden 
stop. FIG. 28(A) shows acceleration values during a fall, and 
FIG. 28(B) shows acceleration values during a sudden stop. 
0068 FIG. 29 shows an embodiment of accident detec 
tion. 

0069 FIG. 30 shows another embodiment of accident 
detection. 
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0070 FIG. 31 shows another embodiment of accident 
detection. 
(0071 FIG. 32 shows another embodiment of accident 
detection. 
0072 FIG. 33 shows another embodiment of accident 
detection. 
0073 FIG. 34 shows severe accident reporting. 
(0074 FIG. 35 shows parked car protection. 
(0075 FIG. 36 shows another embodiment of parked car 
protection. 
0076 FIG. 37 shows park damage reporting. 
(0077 FIG.38 shows tamper alert detection. 
(0078 FIG. 39 shows communication between the present 
system (Geniecam) and OBD-2, wireless broadband net 
work to an audio-video drop box in the cloud and Public 
Safety Answering Point. 
007.9 FIG. 40 shows example of severe accident reporting 
and emergency help request message. FIG. 40(A) shows an 
example of severe accident reporting, and FIG. 40(B) shows 
an example of emergency police request message. 
0080 FIG. 41 shows driver analytic parameters that are 
calculated, maintained in non-volatile memory, and reported. 
I0081 FIG. 42 shows different example driver profiles 
using different driver analytic parameters. 
0082 FIG. 43 shows classification of drivers based on 
driver types, safety level and attributes. 

DETAILED DESCRIPTION 

I0083. The present invention provides a compact cell 
phone sized vehicle telematics device with one or more cam 
eras embedded in the same package for evidentiary audio 
Video recording, automatic accident detection and emergency 
help request, facial processing for drowsiness and distraction 
accident avoidance, driver analytics, and internet connectiv 
ity that is embedded in the vehicle or its mirror, or as an 
aftermarket device attached to front-windshield. FIG. 5 
shows two-camera embodiment of present invention 
mounted near the front mirror of a vehicle. The compact 
telematics module can be mounted on the windshield or par 
tially behind the windshield mirror, with one camera facing 
forward and one camera facing backward, or be embedded in 
a vehicle, for example as part of the center rear-view mirror. 
I0084 FIG. 2 shows the block diagram of an embodiment 
of the present invention. The System-on-Chip (SoC) includes 
multiple processing units for all audio and video processing, 
audio and video compression, and file and buffer manage 
ment. A removable USB memory key interface is provided for 
storage of plurality of compressed audio-video channels. 
I0085. Another embodiment uses two CMOS image sen 
sors, shown in FIG. 5, uses a SoC for simultaneous capture of 
two video channels at 30 frames-per-second at standard defi 
nition (640x480) resolution. Audio microphone and front 
end is also in the same compact module, and SoC performs 
audio compression and multiplexes the audio and video data 
together. 
0086 FIG. 12 shows the data flow of an embodiment of the 
present invention for video pre-processing stages. Each 
CMOS image sensor output is processed by camera Image 
Signal Processing (ISP) for auto exposure, auto white bal 
ance, camera sensor Bayer conversion, lens defect compen 
sation, etc. In one embodiment there are two or more front 
view cameras, whose outputs are merged for a wide-angle 
field of view without distortion, and also such stereo front 
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view provides support with depth information that can be 
used for distance to an obstacle or other vehicle. 

0087 Motion stabilization removes the motion effects due 
to camera shake. H.264 is used as the video compression as 
part of SoC, where H.264 is an advanced video compression 
standard that provides high-video quality and at the same time 
reduction of compressed video by a factor of 3-4x over pre 
vious MPEG-2 and other standards, but it requires more pro 
cessing power and resources to implement. The compressed 
audio and multiple channels of video are multiplexed together 
by a multiplexer as part of SoC, and stored in a circular queue. 
The circular queue is located on a removable non-volatile 
semiconductor storage such a micro SD card, or USB 
memory key. This allows storage of data on a USB memory 
key at high quality without requiring the use of hard disk 
storage. Hard disk storage used by existing systems increases 
cost and physical size. SoC also performs audio compression, 
and multiplexes the compressed audio and video together. 
The multiplex compressed audio-video is stored on part of 
USB memory key in a continuous loop as shown in FIG. 5. At 
a typical 500 Kbits/sec at the output of multiplexer for stan 
dard definition video at 30 frames-per-second, we have 5.5 
Gigabytes of storage required per day of storage. Using a 16 
Gigabyte USB memory key could store about three days of 
storage, and 64 Gigabyte USB memory key can store about 11 
days of storage 
0088 Since the compressed audio-video data is stored in a 
circular queue with a linked list pointed by a write pointer as 
shown in FIG. 4, the circular queue has to be unrolled and 
converted into a file format recognizable as one of commonly 
used PC audio-video file formats. This could be done, when 
recording is stopped by pressing the record key by doing post 
processing by the SoC prior to removal of USB key. Such a 
conversion could be done quickly and during this time status 
indicator LED could flash indicating wait is necessary before 
USB memory key removal. Alternatively, this step could be 
performed on a PC, but this would require installing a pro 
gram for this function on the PC first. Alternatively, no unroll 
ing is necessary and audio-video data for one or more chan 
nels are sent in proper time sequence as it is being sent over 
internet using wireless connectivity. 
0089 FIG.2 embodiment of present invention uses a solar 
cell embedded on a surface of the compact audio-video 
recorder, a built-in rechargeable battery, and a 3G or 4G data 
wireless connection as the transfer interface. This embodi 
ment requires no cabling. This embodiment is compact and 
provides mobile security, and could also be worn by security 
and police officers for recording events just as in a police 
cruiser. 

0090 FIG. 6 embodiment of present invention includes an 
accelerometer and GPS, using which SoC calculates the cur 
rent speed and acceleration data and continuously stores it 
together with audio-video data for viewing at a later time. 
This embodiment has also various sensors including ambient 
light sensor, X-y-Z accelerometer, X-y-Z gyro, and compass 
sensor, Wi-Fi, Bluetooth and 3G (Third Generation wireless 
modem), 4G LTE or 5G wireless modem standards for inter 
net connectivity. 4G, short for fourth generation, is the fourth 
generation of mobile telecommunications technology Suc 
ceeding 3G. A 4G system, in addition to usual Voice and other 
services of 3G system, provides mobile ultra-broadband 
Internet access, for example to laptops with USB wireless 
modems, to Smartphones, and to other mobile devices. 5G 
(5th generation mobile networks or 5th generation wireless 
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systems) denote the next major phase of mobile telecommu 
nications standards beyond the current 4G/IMT-Advanced 
standards. 
0091. This embodiment includes multiple embedded pro 
cessors, where quad processors with Single-Instruction-Mul 
tiple-Data-Stream (SIMD) and Digital Signal Processors 
(DSPs) coprocessors are used for embedded video processing 
and video compression. For additional processing resources 
GPU can also be used for video processing. The package-on 
package (POP technology is used wherein DRAM is placed 
on top of the System-On-Chip (SoC) shown in FIG. 6. The 
multiple channels of digital video recorder (DVR) uses 
micro-SD card with Class 10 rating for storage and circular 
queue of at least day multi-channel audio-video long storage. 
Secure Digital (SD) is a non-volatile memory card format for 
use in portable devices. In one embodiment, the microSD is 
a small version of SD card with storage size is 64 Giga Bytes 
or 128 Giga Bytes used. Two antennas, primary and diversity, 
are used for 4G LTE connection for ability to connect to 
internet in marginal reception areas. This way, the present 
system can connect to communicate emergency message and 
help request even when a Smartphone cannot connect to make 
a call in cell edge areas. 
0092. This embodiment uses Mobile Industry Processor 
Interface (MIPI) CSI-2 or CSI-3 Camera Serial Interface 
standards for interfacing to image sensors. CSI-2 also Sup 
ports fiber-optic connection which provides a reliable way to 
locate an image sensor away from the SoC. 
I0093. The SoC also has multiple Image Sensor or Signal 
Processing (ISP) logic that processes input from each camera 
input. Even though the latest sensors have high dynamic 
range, these sensors still have pixel sizes around 1.2 
micrometer due to high definition, and as Such each pixel has 
a much smaller area than a security camera CMOS sensor 
which features a 5-6 micro meter pixel size. Ideally, we want 
large pixels when the light illumination level is low and small 
pixels when illumination level is high. This can be handled by 
combining the “bins' of multiple pixels, such as for a 4x4 
array of pixels for areas of sensor where the histogram shows 
underexposure, i.e., maximum pixel value, is low. Combing 
the values of an array of pixels effectively generates a large 
pixel for dark areas while trading off resolution for pixel size 
effectively. Such an effective method of high-dynamic range 
implementation can be done as part of ISP preferably or after 
ISP as a post processing stage. 
0094 FIG. 7 shows the alignment of x-y-Z axis of accel 
erometer and gyro sensors. The gyro sensor records the rota 
tional forces, for example during cornering of a vehicle. The 
accelerometer also provides free-fall indication for accidents 
and tampering of unit. 
0095 FIG. 8 show three camera module embodiment, 
where one of the cameras cover the front view, and second 
camera module processes the face of the driver as well as the 
left and rear sides of the vehicle, and third camera covers the 
right side and back area of the vehicle. 
0096 FIG. 19-22 show an embodiment for enclosure and 
physical size of preferred embodiment, and also showing the 
windshield mount suction cup. FIG. 19 shows the front view 
facing the road ahead of the printed circuit board (PCB) and 
placement of key components. FIG. 20 shows two-camera 
embodiment for the front view where the two camera are 
mounted with a 31 degree approximate angle offset to the 
front plane Surface assuming each of the cameras Horizontal 
Field Of View (HFOV) is about 66 degrees. The combined 
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HFOV is about 120-130 degrees depending upon the overlap 
selected (See FIG. 10). First, template matching is used to 
calculate the vertical offset, which can be done only once, and 
the vertical offset can be saved for future use. The template 
matching can use an 8x8 or 16x16 block and find the vertical 
offset for the best match in the overlapped region. The best 
match is calculated using the Sum of absolute differences 
(SAD) or mean of the squared differences error (MSE). The 
overlapped area provides a Smooth transition from left to right 
camera, where there is linear transition between the two cam 
eras. If the transition area horizontally is D pixels, then we can 
calculate the pixel values for the transition by (n/D)*Right 
Frame--(1-(n/D)* Left Frame) for n=0 to D-1 in increments 
of one. 

0097 Yellow LEDs flash in case of an emergency to indi 
cate emergency condition that can be observed by other 
vehicles and also to quickly locate the vehicle that requested 
the emergency help. FIG. 21 shows the front view and suction 
cup mount of device. The blue light LEDs are used for reduc 
ing the sleepiness of driver using 460 nm blue light illumi 
nating the driver's face with LEDs shown by reference 3. The 
infrared (IR) LEDs shown by reference 1 illuminate the driv 
er's face with IR light at night for facial processing to detect 
distraction and drowsiness conditions. Whether right or left 
side is illuminated is determined by vehicle's physical loca 
tion (right hand or left hand driving). Other references shown 
in the figure are side clamp areas 18 for mounting to wind 
shield, ambient light sensor 2, camera sensor flex cable con 
nections 14 and 15, medical (MED) help request button 13, 
SOS police help request button 12, mounting holes 11, SIM 
card for wireless access 17, other electronics module 16, SoC 
module 15 with two AFE chips 4 and 5, battery connector 5. 
internal reset button 19, embedded Bluetooth and Wi-Fi 
antenna 20, power connector 5, USB connector for software 
load 7, embedded 3G/4G LTE antenna 22, windshield mount 
21, HDMI connector 8, side view of main PCB 20, and 
microphone 9. 
0098 FIG. 22 shows battery compartment over the elec 
tronic modules, where CE compliance tag is placed, and 
battery compartment, which also includes the SIM card. The 
device is similar to a cell phone with regard to SIM card and 
replaceable battery. The primary difference is the presence of 
three for four High-Dynamic Range (HDR) cameras that 
concurrently record, and near Infrared (IR) filter bandpass in 
the rear-facing camera modules for nighttime illumination by 
IR light. 
0099 FIG. 14 depicts interfacing to On-Board Diagnostic 
(OBD-2). All cars and light trucks built and sold in the United 
States after Jan. 1, 1996 were required to be OBD II equipped. 
In general, this means all 1996 model year cars and light 
trucks are compliant, even if built in late 1995. All gasoline 
vehicles manufactured in Europe were required to be OBD II 
compliant after Jan. 1, 2001. Diesel vehicles were not 
required to be OBD II compliant until Jan. 1, 2004. All 
vehicles manufactured in Australia and New Zealand was 
required to be OBD II compliant after Jan. 1, 2006. Some 
vehicles manufactured before this date are OBD II compliant, 
but this varies greatly between manufacturers and models. 
Most vehicle manufacturers have switched over to CAN bus 
protocols since 2006. The OBD-2 is used to communicate to 
the Engine Control Unit (ECU) and other functions of a 
vehicle via Bluetooth (BT) wireless interface. ABT adapter is 
connected to the ODB-2 connector, and communicates with 
the present system for information Such as speed, engine 
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idling, and for controlling and monitoring other vehicle func 
tions and status. For example, engine idling times and over 
speeding occurrences are saved to monitor and report for fuel 
economy reasons to the fleet management. Using OBD-2 the 
present system can also limit the top speed of a vehicle, lower 
the cabin temperature, etc., for example, when driver drowsi 
ness condition is detected. ODB-2 also provides access to 
various engine control parameters such as engine load, 
rounds per minute (RPM), vehicle speed. 
0100. The present system includes a 3G/4G LTE or a 5G 
wireless modem, which is used to report driver analytics, and 
also to request emergency help. Normally, the present device 
works without a continuous connection to internet, and stores 
multi-channel video and optional audio and metadata includ 
ing driver analytics onto the embedded microSD card. In case 
of an emergency the present device connects to internet and 
sends emergency help request from emergency services via 
Internet Protocol (IP) based emergency services such as SMS 
911 and N-G-911, and eCall in Europe, and conveying the 
location, severity level of accident, vehicle information, and 
link to short video clip showing time of accident that is 
uploaded to a cloud destination. Since the 3G/4G LTE modem 
is not normally used, it is provided as part of a Wi-Fi HotSpot 
of vehicle infotainment for vehicle passengers whether it is a 
bus or a car. 
0101 FIG. 39 shows the connections of present system, 
referred to as Geniecam302, which connects to OBD-2 using 
Bluetooth interface, connects to broadband wireless using 4G 
LTE or 5G mobile interface, and connects to Public Safety 
Answering Point (PSAP) 300 as emergency services via 
internet and also audio-video drop box 301 in the cloud for 
uploading and storing accident audio-video data. Also, GPS 
304 is used to determine latitude and longitude of present 
location and speed. 
0102 Since most of the time 4G/5G connectivity is not 
used, because multi-channel DVR uses embedded microSD 
card, high-bandwidth connectivity is available to passengers 
as a mobile hot spot for streaming audio, video, internet 
Surfing, and video games by multiple passengers. The mobile 
hot spot uses 802.11 Wi-Fi that is also embedded in the 
present system, and supports 802.11n and the new 802.11ac 
standard. IEEE 802.11ac is a wireless computer networking 
standard in the 802.11 family (which is marketed under the 
brand name Wi-Fi), developed in the IEEE Standards Asso 
ciation process, providing high-throughput wireless local 
area networks (WLANs) on the 5 GHz band. The present 
system's mobile hot spot can also be used for internet con 
nectivity on a bus with many passengers. 
0103) The recorded video will optionally display Gforces, 
peak and current, current speed and quarter mile acceleration 
time as an optional overlay on one of the recorded video 
channels. This information is useful for sports driving. 

Adaptive Constant Bit Rate (ACBR) 
0104. In video coding, a group of pictures, or GOP struc 
ture, specifies the order in which intra- and inter-frames are 
arranged. The GOP is a group of successive pictures within a 
coded video stream. Each coded video stream consists of 
successive GOPs. From the pictures contained in it, the vis 
ible frames are generated. A GOP is typically 3-8 seconds 
long. Transmit channel characteristics could vary quite a bit, 
and there are several adaptive streaming methods, some based 
on a thin client. However, in this case, we assume the client 
Software (destination of video is sent) is unchanged. The 
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present method looks at the transmit buffer fullness for each 
GOP, and if the buffer fullness is going up then quantization 
is increased for the next GOP whereby lower bit rate is 
required. We can have 10 different levels of quantization, and 
as the transmit buffer fullness increases the quantization is 
increased by a notch to the next level, or vice versa if transmit 
buffer fullness is going down, and then quantization level is 
decreased by a notch to the next level. This way each GOP has 
a constant bit and bit rates are adjusted between each GOP for 
the next GOP, hence the term of Adaptive Constant Bit Rate 
(ACBR) we used herein. 

Motion Adaptive Spatial Filter (MASF) 

0105 Motion Adaptive Spatial Filter (MASF), as defined 
here, is used to pre-process the video before other pre-pro 
cessing and video compression. MASF functional block dia 
gram is shown in FIG. 15. The pre-calculated and stored 
Look-Up Table (LUT) contains a pair of values for each input 
value, designated as A and (1-A). MASF applies a low-pass 
two-dimensional filter when there is a lot of motion in the 
video. This provides smoother video and improved compres 
sion ratios for the video compression. First, the amount of 
motion is measured by Subtracting the pixel value from the 
current pixel value, where both pixels are from the same pixel 
position in consecutive video frames. We assume the video is 
not interlaced here, as CMOS camera module provides pro 
gressive video. The difference between the two pixels pro 
vides an indication of amount of motion. If there is no motion, 
then A 0, which mean the output y, equals input X, as 
unchanged. If, on the other hand the difference delta is very 
large, than A equals to A, which meansy, is the low-pass 
filtered pixel value. For anything in between, the LUT pro 
vides a smooth transition from no filtering to full filtering 
based on its contents. The low pass filter is a two dimensional 
FIR (Finite Impulse Response) filter, with a kernel size of 3x3 
or 5x5. The same MASF operation is applied to all color 
components of luma and chroma separately, as described 
above. 

0106 Hence, the equations for MASF are defined as fol 
lows for each color space component: 

Delta x,-x, -1) Step 1: 

Lookup value pair: {1-A,A}=LUT(Delta) Step 2: 

Y=(1-A)*x+A*Low-Pass-Filter(X)*A Step 3: 

I0107 X, represents the pixel value corresponding to 
the same pixel location X-Y in the video frame for the t-1, 
i.e., previous video frame. Low-Pass-Filter is a 3x3 or 5x5 
two dimensional FIR filter. All kernel values can be the same 
for a simple moving average filter where each kernel value is 
/6 or /25 for 3x3 and 5x5 filter kernels, respectively. 

Motion Adaptive Temporal Filter (MATF) 

0108. The following temporal filter is coupled to the out 
put of MASF filter and functions to reduce the noise content 
of the input images and to Smooth out moving parts of the 
images. This will remove majority of the temporal noise 
without having to use motion search at a fractional of pro 
cessing power. This MATF filter will remove most of the 
visible temporal noise artifacts and at the same time provide 
better compression or better video quality at the same bit rate. 
It is essentially a non-linear, recursive filtering process which 
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works very well that is modified to work in conjunction with 
a LUT adaptively, as shown in FIG. 15. 
0109 The pixels in the input frame and the previous 
delayed frame are weighted by A and (1-A), respectively, and 
combined to pixels in the output frame. The weighing param 
eter, A, can vary from 0 to 1 and is determined as function of 
frame-to-frame differenced. The weighting parameters are 
pre-stored in a Look-Up-Table (LUT) for both A and (1-A) as 
a function of delta, which represents the difference on a 
pixel-by-pixel basis. As a typical weighing function we could 
use the function plot shown in FIG. 15 showing the contents 
of LUT. Notice that there are threshold values, T and -T, for 
frame-to-frame differences, beyond which the mixing param 
eter A is constant. 

0110. The “notch' between-Tand Trepresents the digital 
noise reduction part of the process in which the value A is 
reduced, i.e., the contribution of the input frame is reduced 
relative to the delayed frame. As a typical value for T, 16 could 
be used. As a typical value ranges for A, we could use {0.8. 
0.9, and 1.0}. flex 
0111. The above represents: 

Yn=LUT(Delta)* Xn+(1-LUT(Delta))* Yn-1 

0112 This requires: 
0113. One-LUT operation (basically one indexed memory 
access); 
0114. Three subtraction/add operations (one for Delta); 
0115 Two-Multiply operations. 
0116. This could be further reduced by rewriting the above 
equation as: 

0117 This reduces the required operations to: 
0118. One-LUT operation (basically one indexed memory 
access); 
0119 Three subtraction/addition operations (one for 
Delta); and 
0.120. One-multiply operation. 
I0121 The flow diagram of this is shown in FIG. 17. For a 
1920x1080P video at 30 fps, this translates to 2M*30*5 
Operations, or 300 Million Operations (MOPS), a small per 
centage well within the operation capacity of most DSPs on a 
SoC today. As such it has significantly less complexity and 
MOPS requirement, but at a great video quality benefit. 

Driver Analytics 

I0122) Vehicle, driver and environment are perceived as the 
three main components of the system. There is a wide range of 
systems developed to increase safety of vehicles themselves 
by making them more stable and reliable. However, a large 
portion of uncertainty exists in any driving scenario because 
of the long term as well as instantaneous ability of the driver, 
changing environment and their interaction. Therefore, the 
complete solution for reduction of road accidents is only 
possible by making the vehicles aware of the driving context 
(environment, route and maneuver type) and the driver status 
(distracted, neutral, aggressive, drowsy etc.). This can be 
achieved by analyzing driver behavior signals including 
driver inputs (e.g., hard cornering, tailgating), vehicle 
responses to driver inputs (i.e., vehicle speed, acceleration 
and position), and driver biometric signals (i.e., face gaZe 
direction, level of eyes closed, etc.). Other factors that affect 
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the risk a driver may pose to others include number of miles 
travelled, driving time of the day, and number of miles driven 
without taking a break. 
0123 Driver and passenger safety has emerged as one of 
the leading concerns for the automotive industry and its con 
Sumers. Traffic crashes are the ninth leading cause of global 
disease and injury, while over 40,000 Americans are killed in 
traffic crashes every year (NHTSA, 2005). Government man 
dated safety standards, including vehicle crashworthiness 
and passive/active safety features, must be fully addressed by 
automotive designers. Similarly, roadway design and general 
features receive significant focus from the civil engineering 
and human factors communities (Dewar, 2007). However, 
minimal focus has been given to the human variable in auto 
motive safety within the USA (Williams and Hanworth, 
2007) while still underrepresented throughout the world. The 
question exists as to what signifies a “good” or “bad” driver, 
and what quantifies the riska driver may pose to others during 
their daily driving. 
0124 Six different driver classifications were instituted 
ranging from timid to aggressive as shown in FIG. 43. Previ 
ous research has proposed definitions of aggressive driving 
and attempted to differentiate timid or cautious drivers from 
aggressive drivers (Miles and Johnson, 2003: Knapper and 
Cropley, 2008). The targeted area for a driver lies in the 
conservative and neutral Zones. Both extreme classifications, 
timid and aggressive, may constitute dangerous behavior. 
Furthermore, unsafe driving may also occur in the cautious 
and assertive classifications. For example, assertive driving 
may be classified as unsafe owing to behaviors such as tail 
gating, speeding above the traffic flow and rapidly changing 
lanes. Similarly, cautious driving may be classified as unsafe 
owing to Such characteristics as travelling below the speed of 
traffic to maintain the minimum posted speed limit, over 
scanning before making turns or lane changes and not antici 
pating traffic patterns while maintaining vehicle speed. A 
normal distribution has been assumed for general driver 
behavior with, the percentages based on the number of stan 
dard deviations about the mean. 
0.125. The present method and system does not merely 
depend on data thresholds for the vehicle speed, miles driven, 
time of day, and acceleration/braking as measures of driver 
performance and behavior. FIG. 41 shows the parameters that 
are measured and maintained by the present method and 
system, which supports multiple different profiles of driver 
analytics. For example, an insurance company may require a 
Subset of these parameters, whereas a profile for parental 
monitoring will require a different set of parameters selected 
and reported. Similarly, fleet management, police and taxis 
may each have different profiles that select different sub-sets 
of parameters that are reported. Police profile may also 
include gun shot and explosion detection. 
0126 The average speed of a vehicle usually does not 
contain meaningful information as it is an aggregate of both 
city and highway driving. The average highway speed, if it 
can be measured, contains helpful driver analytics informa 
tion. The present method measures highway speed only when 
vehicle speed is higher than 55 mph and after T time main 
taining 55 mph or higher speed. These two conditions effec 
tively eliminate any city driving speed data to be included, as 
it is not possible to maintain 55+ mph in city driving for a 
period of time, such as T-5 minutes. The present method also 
includes a hysteresis of couple of miles per hour, below which 
average measurement is paused, for example, below 52 mph. 
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We can also put a time limit for such hysteresis for example 2 
minutes, in case the highway traffic slows down momentarily. 
I0127. The high-beam misuse determines high beams are 
on at night time driving, when the present system detects a 
vehicle travelling the same direction ahead or a vehicle com 
ing from the opposite direction. OBD-2 connection and front 
camera processing is used to determine the occurrence of 
high-beam use when there is vehicle in front or coming from 
the opposite direction. The number of occurrences for a 
selected time period is reported. 
I0128. The slope of acceleration would simply be the 
change in acceleration. Physically, this quantity is known as 
the “jerk” because changes in acceleration are generally 
forceful and sudden, the impact of which feels like a sudden 
jerking movement to an individual riding in a car that under 
goes a Sudden change in acceleration. 
0129. Jerk describes vehicle acceleration or deceleration 
changing rate in m/s3. Vehicle jerk is highly related with 
driving comfort. The value of Jerk parameter is defined by the 
differential equation with respect to time: 

JFdA/dt 

0130. Where: 
0131) A vehicle acceleration in m/s2, 
(0132) J vehicle jerk in m/s or G/s. 
I0133. The magnitude of jerk is highly related with driving 
comfort and safety. An acceptable jerk is t2 m/s and a com 
fortable jerk is t1 m/s. Jerk in emergency cases can be as 
high as t10 m/s. The longitudinal acceleration and jerk were 
derived from the vehicle speed through numerical differen 
tiation. Similarly, the lateral jerk was derived discretely from 
the lateral acceleration. The acceleration and deceleration 
limits, 4.46 m/s and 9.22 m/s, correspond to a typical pas 
senger vehicle. The first-level limits were set at 20% (15%) 
full acceleration (deceleration). The second level was equal to 
a 15% (10%) increase for acceleration (deceleration). The 
third level featured the same increases above the second level. 
The present method and system records instances when the 
absolute value of J is higher than a pre-set threshold value. 
I0134. The cornering forces are measured by the gyro vec 
tor G: 

Gyro Vector-sqrt(Waterf--Wolff-Werf) 

0.135 Where “sqrt” is square root function. If gyro vector 
is greater than a pre-determined threshold value, then it is 
recorded as part of metadata along with audio and video of 
multiple cameras, along with speed and other information, as 
an instance of hard cornering occurrence data as part of the 
driver analytics. 
0.136 The frequency of reporting driver analytics is select 
able as including, but not limited to one of the following: 
Upon occurrence, once per days, once per week. Also, the 
present method and system supports one or more destinations 
to be entered for such reporting to be sent to. These predefined 
IP destinations can be one or more email addresses, one or 
more SMS addresses, cloud storage drop boxes, and one or 
more FTP (File Transfer Protocol) sites. 
0.137 Insurance companies will use a selected profile of 
driver analytics for reduction of insurance premiums up 
35-50 percent of their best rates for customers who have the 
present system in their vehicle, which can also be used pay 
as-you-go type new insurance policies with modified cost in 
accordance with a analytics data for a given driver, such as 
when you rent a vehicle. The daily driver analytics report will 
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determine the insurance cost and will significantly reduce 
accident and other liability cost to the car rental companies. 

Tamper Proof 

0.138. It is important the device handling the driver distrac 
tion monitoring be tamper proof so that it cannot be simply 
turned off or its operation disabled. The first requirement is 
that there is no on/off button for the driver distraction detec 
tion, or even in general for the device outlined herein. It is also 
required that the used cannot simply disconnect the power the 
device to disable its operation. The present invention has 
several tamper-proof features. There is a loop and detection of 
connected to the vehicle, as shown in FIG. 18, wherein if the 
connection to the device is monitored, and if disconnected, 
the present invention uses the built-in battery and transmits 
information to a pre-defined destination, fleet management 
center, parents, taxi management center, etc., using an email 
to inform it is disconnected. The disconnection is detected 
when the ground loop connection is lost by either removing 
the power connection by disconnecting the cable or device, or 
breaking the power connection by force, when the respective 
general-purpose IO input of System-on-a Chip will go to 
logic high State, and this will cause an interrupt condition 
alerting the respective processor to take action for the tamper 
detection. Furthermore, the device will upload video to the 
cloud showing t-5 seconds to t+2 seconds, where “t is the 
time when it was disconnected. This will also clearly show 
who disconnected the device. The device also contains a 
free-fall detector, and when detected, it will send an email 
showing time of fall, GPS location of fall, and the associated 
video. The video will include three clips, one for each camera. 
0.139. The circuit of FIG. 18 also provides information 
with regard to engine is running or not using the Switched 12V 
input, which is only on when the engine is running. This 
information is important for various reasons in absence of 
OBD-2 connection to determine the engine status. 
0140. The present system will also detect covered cameras 
by analyzing the histogram of video captured from multiple 
cameras in accordance with time of day, and will turn on the 
IRLEDs and if the histogram still indicates an mostly under 
exposed video from one or more camera, as shown in FIG.38, 
it will trigger a trigger a tamper alarm which also causes a 
Video to be uploaded indicating the person causing tempering 
due to DVR features and continuous recording enabling 
going to t-5, i.e., 5 seconds before a trigger event for example. 
The tampering data will be sent via IP with a link to related 
Video data from multiple cameras. 

Automatic Severe Accident Detection and Reporting 

0141. The present method and system uses a combination 
of sensors, X-y-Z accelerometer, X-y-Z gyroscope (gyro in 
short herein), eCompass (magnetometer) for direction of 
travel, GPS for speed and location, engine-on sensor, OBD-II 
connection to vehicle's Engine Control Unit (ECU) in con 
junction with video cameras and occupant sensors. 
0142. Acceleration is defined as the rate of change in 
Velocity of a mass and is frequently stated in units of feet per 
second per second or feet/second (meters/second. It is 
related to force by the familiar equation, F=M/A, where 
F=force, M-mass, and A-acceleration. Acceleration may be 
described in units of G which is the ratio of a particular 
acceleration (a) to the acceleration of gravity at sea level 
(g 32.2 ft/sec or 9.8 m/sec) or G-a/g. As a result, crash 
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forces can be thought of in terms of multiples of the weight of 
the objects being accelerated. An accident can be a frontal 
impact, rear-end collision, or a collision from the side such as 
when a vehicle runs a red light. 
0143. The acceleration values depend on the weight of the 
vehicle, as shown in FIG. 23. A large Sports Utility Vehicle 
(SUV) or a truck will experience a much smaller acceleration 
than an average size car in an accident. Therefore, the present 
method and system uses the make and model of a vehicle to 
determine its weights which is then used to determine a set of 
threshold values of parameters for accident detection as the 
acceleration values experienced is dependent on the size and 
mass of a vehicle. In a different embodiment, the weight of a 
vehicle is not used, as it is more important what the accelera 
tion values are experienced by occupants in a vehicle. A larger 
vehicle will have better injury criteria, because it will decel 
erate in a longer period of time and the acceleration peak 
values are Smaller. 
0144. Acceleration values given in various reports gener 
ally refer to the acceleration of the vehicle near its center of 
mass, unless otherwise specified. A deceleration is simply a 
negative acceleration. In general, human tolerance to accel 
eration is a function of five extrinsic factors (5). These factors 
are related to characteristics of the crash pulse and to the 
design of the seating and restraint systems: 
0145 Magnitude of the acceleration: Clearly, the higher 
the acceleration, the more likely it is to cause injury. 
0146 Direction of the acceleration: The human is better 
able to withstand accelerations applied along certain axes of 
the body. The direction that is most tolerable is the +Gx or 
acceleration in the forward direction (eyeballs in). The least 
tolerable direction is apparently the GZ or vertical axis (eye 
balls up or down). The lateral axis (Gy) used to be considered 
the least tolerable, but recent data derived from crashes of 
Indianapolis Race Cars indicates that this is probably not the 
CaSC. 

0147 Duration of the acceleration: How long one is sub 
jected to an acceleration is one of the determinants of human 
tolerance. In general, the shorter the pulse for the same mag 
nitude of acceleration, the more tolerable. Acceleration tol 
erance is usually considered to comprise two distinct 
realms—abrupt acceleration and Sustained acceleration—be 
cause of distinctly different human response patterns to 
abrupt and Sustained accelerations. Most crash impacts have 
a duration of less than 250 milliseconds or one-quarter of a 
second, which is considered to be in the realm of abrupt 
acceleration. Human tissues and the vascular system respond 
considerably differently to these very short duration pulses 
than they do the more Sustained pulses experienced by fighter 
pilots and astronauts. Consequently, a 10G turn or “pull-up” 
may cause unconsciousness in a pilot and resultina crash, but 
a 10 G crash impact may have little effect on the occupant of 
a vehicle. 

0.148 d. Rate of onset: Rate of onset of acceleration refers 
to how rapidly the acceleration is applied. It is reflected in the 
slope of the curve depicted in FIG. 26. For a given magnitude 
and duration of acceleration, the greater the rate of onset, the 
less tolerable the acceleration is. 
0149 e. Position/Restraint/Support: This is one of the 
most critical factors determining human tolerance to a crash 
pulse. It refers to how well the occupant is restrained and 
Supported by his seat and restraint system and the degree to 
which the loads experienced in the crash are distributed over 
his body surface. 
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0150. Acceleration is related to injury. This is why the 
most common sensor in a crash test dummy is the accelerom 
eter. Extreme acceleration can lead to death. The acceleration 
during the crash that killed Diana, Princess of Wales, in 1997 
was estimated to have been on the order of 70 to 100 g, which 
was intense enough to tear the pulmonary artery from her 
heart—an injury that is nearly impossible to Survive. Had she 
been wearing a seat belt, the acceleration would have been 
something more like 30 or 35 g enough to breakarib or two, 
but not nearly enough to kill most people. 
0151. Automobile designers accomplish this by providing 
"crush Zones' in the front and rear of automobiles wherein 
crushing of the vehicle structure absorbs a portion of the 
energy of the crash, thus reducing the forces experienced by 
the occupants. These systems accomplish this reduction in 
force by increasing the time over which the change in Velocity 
occurs while the front-end of the vehicle is crumpled and 
absorbs energy of the vehicle, which is equal to (%)xMxV. 
The net change in speed is the same, but the acceleration is 
less because it occurs over a longer period of time. Therefore 
in order to detect car accidents, the detection threshold must 
be significantly lower than that required to deploy the airbag. 
0152 Another consideration in the case of after-market 
unit mounted on windshield is if we get false positive accident 
detection if the device falls from the windshield. Using 9.8 
m/s as an approximate value for Earth's gravity, the device 
experienced approximately 2C’s in each direction with 
nearly 3G's on the x-axis before coming to rest. The required 
acceleration to trigger airbag deployment is 60G's. In addi 
tion to being 30 times Smaller than required to deploy an 
airbag, this value is well below the 4G's used as a filter. It is 
therefore unlikely an after-market unit could be dropped in a 
manner that would exceed 4G's. 

0153. With normal braking modern cars reach decelera 
tion values from 8 m/s to 11 m/s, which is about the terres 
trial acceleration due to gravity, G. A potential Scenario that 
could potentially generate a false positive is a Sudden stop. 
This test was performed in a vehicle by reaching a speed of 
approximately 25 mph and engaging in a Sudden stop. The 
test results are approximate as the exact speed was unknown 
and braking pressure was not exact. FIG. 25 shows the accel 
eration experienced on each axis during the stop. Because the 
unit remained stationary relative to the vehicle, it experienced 
the same forces as the vehicle. In this instance, the accelera 
tion experienced by the Smartphone was actually less than 
that experienced during the fall. This result is attributed to the 
fact that although the stop was Sudden and forceful, the car 
(and consequently the Subject unit of present system) came to 
a rest over a period of time that was longer than during the 
drop test. In other words, the change in Velocity was greater 
but the actual acceleration was less because the change 
occurred over a longer period of time. Based on this data, it is 
unlikely for the unit to experience 4G's of acceleration simply 
due to a Sudden stop. 
0154 For severe accident detection, it is also important 
that there is no false positive detection of a severe accident by 
error, when an aftermarket version mounted on front wind 
shield falls off or is triggered by an emergency stop withoutan 
accident. FIG.28 shows the acceleration curves that are expe 
rienced by these conditions. The method of different embodi 
ments overcomes such false detection conditions. 

0155. Whether a vehicle can stop in time is an important 
criterion for safety. Stopping distance is composed of two 
parts, reaction distance and braking distance. The reaction 
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distance is the vehicle displacement between the time a driver 
sees a danger and the driver hits the brake pedal. It depends on 
the driver reaction time and the vehicle speed. The braking 
distance, on the other hand, represents the distance traveled 
after the driver hits the brakes until the vehicle comes to a full 
stop. It is highly related with the conditions of the brakes, the 
tires, the weather and the road. The reaction distance (the 
linear term) and the braking distance (the quadratic term) 
with full braking on dry, level asphalt and an average percep 
tion-reaction time of 1.5 second. The structure of this equa 
tion is based on empirical data. 

D=Stopping Distance=2.2x V+0.048x V 

0156 Where: 
0157 Stopping Distance is stopping distance in feet; and 
0158 V vehicle velocity is in mph. 
0159. A crash pulse is a description of the accelerations 
occurring in the crash over time, or the acceleration-time 
history of the crash. Although the shape of a crash pulse can 
be highly complex and variable from crash to crash, for prac 
tical purposes, most vehicle crash pulses may be considered 
to be generally triangular or Haversine in shape. This assump 
tion vastly simplifies calculations related to the crash and 
provides reasonable estimates of acceleration exposure for 
driver and passengers. Note that in a triangular pulse, the 
average acceleration of a pulse is one-half of the peak accel 
eration. 
0160 The parameters of a generalized model of a severe 
Vehicle accident are: 

0.161 A=Acceleration (Deceleration); 
(0162 A. Average Acceleration (Deceleration) 
(0163 T=Duration of Impact 
0164 t—Beginning of collision 
(0165 t-End of collision 
0166 Peak t-t 
(0167 P=Peak acceleration 
0168 TWidth of peak of acceleration curve 
(0169. V=Initial velocity of vehicle 1 
(0170 V=Initial velocity of vehicle 2 
(0171 AV1=Velocity change of vehicle 1 
(0172 AV2=Change in velocity of vehicle 2 
(0173 Mutual Crush=Total crush of two vehicles 
0.174. The magnitude of acceleration of is represented by 
equation as function of time t. 

0.175. This equation represents a full frontal impact for a 
midsize four door sedan. The offset front end impact may 
have triangle fit, but this is not much different for the purposes 
of accident detection and the severity level determination. 
0176 The above equation may not seem intuitive as we 
have negative acceleration and decrease of speed during a 
collision. However, two factors has to be considered. First, the 
positive acceleration vector is pointing toward the back of the 
vehicle. Also, this is the magnitude of the acceleration where 
the actual acceleration is negative for the general case if the 
positive acceleration vector were pointing forward, as shown 
in FIG. 26 for small four door sedan crushing in hard barrier 
at 30 mph. Integrating acceleration with respect to time yields 
velocity by the initial conditions oft–0 and V=VO: 
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(0177. At t=TandV=V0+AV, and therefore the peak accel 
eration is given by 

0179 And solving this equation for t=t-T and mutual 
crush we have: 

The displacement as a function of time is given by: 

0180. The present method and system samples the values 
of accelerometer and embedded 3-axis gyroscope sensor at 1 
millisecond increments, because during a crash the decelera 
tion process lasts about 100-200 ms, but the life-threatening 
deceleration peaks have a duration of about 10 millisecond. 
Hence, it is essential to sample at 1 milliseconds rate for 
accurate detection of a severe accident. Once an acceleration 
peak is detected, accelerometer values for each 1 millisecond 
sampling are saved from t1 to t2 as a sequence of accelerom 
eter values for analysis to determine if a serious accident has 
occurred. For minor accidents, the driver can press an emer 
gency help request button to seek police or medical help. 
0181. The Z-axis is toward the back of the car, so accel 
eration in the forward direction results in negative values for 
the Z component of acceleration, and in positive values for 
deceleration. The X-Y-Z accelerometer sensor output has 
oscillatory behavior sometimes during an accident, as shown 
in FIG. 27. These accelerometer vector values are filtered, for 
example, by a 5-tap Finite Impulse Response (FIR) filter with 
kernel values of {/5, /s, /5, /5, /s. 
0182. The accident is detected as follows (See FIG. 29). 
First, the acceleration vector magnitude is calculated as the 
following, which is also defined as the acceleration vector: 

0183. Where AX, Ay, and AZ are the three acceleration 
values provided by X-Y-Z accelerometer for X, Y and Z axis. 
0184 Similarly, we calculate the rotational motion by cal 
culating the rotational vector as (see FIG. 7), which is also 
referred to as the gyro motion vector or gyro Vector herein: 

0185. The rotational motion vector is useful to detect an 
accident when a vehicle is hit from the front or back side, 
which effectively “spins' the vehicle being hit. If A or W is 
greater thana respective threshold value that is determined by 
the selection of subject vehicle, the sampled A and W values 
from t, the beginning of the crash pulse, to t, the end of the 
crash pulse (See FIG. 26) are saved into a buffer, which then 
contains 1 mS sampled A and W values for the crash pulse. 
0186 Next, the time duration of accident T, t-t is 
checked to be less than threshold value as a function of speed 
at the onset of accident, e.g., 200 milliseconds for 60 mph. 
Longer deceleration times do not increase the injury risk, 
according to experience. The area under the acceleration 
curve does not necessarily representa serious accident, unless 
the acceleration has a proper duration and a weighted value 
under the acceleration curve. The peak acceleration values are 
checked to last at least a minimum threshold value, e.g., 3 
msec. This requirement has reasons of measurement tech 
nique and is Supported by the assumption that decelerations 
ofshorter duration do not have any effect on the human body. 
0187. The speed of vehicle V at the beginning of acci 
dent is measured using one or more methods: The speed is 
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measured by GPS unit as the average speed just before the 
accident. The speed is also read from the ECU using the 
OBD-II interface, when connected. Two factors of impor 
tance are mean acceleration and speed change AV during an 
accident. 
0188 AV=V since the speed is zero after a severe acci 
dent. 
0189 The mean acceleration is AAV/T, 
0190. A severe accident is detected by the formula for 
Severity Index (SI): 

SI=X'A(k)" 
0191 This equation takes into account both duration and 
weighted value of deceleration for the duration of the acci 
dent. The acceleration value A is summed for t=t to t, where 
n=2.5 is used in one embodiment. The SI measures the area 
under the acceleration crash curve using weighted by a power 
value of n. This takes into account both duration and weighted 
value of deceleration for the T time period. When 
SIP, accident is detected, where P is a thresh 
old parameter. Accident is also detected when airbag deploy 
ment is detected by the OBD-II interface. Other conditions 
for accident detection are WeP, vehicle free fall con 
dition detected, and vehicle roll-over detected. 
0.192 The SI equation above provides a very accurate 
estimation of accident detection and also determines the 
severity level of a given accident. It is important to note that 
detection threshold values and also the severity index level are 
both determined as a function of weight of a vehicle, as being 
a bus versus a four door sedan significantly affects the level of 
acceleration values experienced (see FIG. 23). 
(0193 The severity index level SI is scaled to 0 to 10 as a 
measurement of severity level of an accident, where level 10 
corresponds to peak acceleration value of about 50Gs and the 
width Tofabout 100 milliseconds. The scaled SI index is then 
calculated by: 

Scaled SI Index-min10.(SI/SI)) 

(0194 Where SI-X(50*sin (tik/0.1))” for k=1 to 100 
in increments of one, and weighting value of about n=2.5 is 
exemplified, but other weighting values greater than two can 
also be used. The “min' is the minimum math function which 
selects the smaller value of two values. 
0.195 The above scaled index calculation clamps the 
maximum value to 10, in case the actual values are worse than 
the assumed average maximum values for G and duration by 
the use of minimum function, which selects the minimum 
value of two numbers. 
0196. The calculated severity level is modified upward in 
one embodiment to be 10 when a free fall over a certain 
distance such as 3 feet and/or roll-over condition is detected. 
0197) The first embodiment of present method, shown in 
FIG. 29, first checks if vehicle's engine is on. Engine on 
condition is checked using the Switched power signal line 
and/or OMB-2 connection. If engine is on, then acceleratorx, 
y and Z components are filtered using a low-pass filter Such as 
with a 5 tap FIR filter. The filtered accelerometer values are 
combined to calculate the acceleration vector (Accel Vec 
tor). Similarly, gyro vector (Gyro Vector) is calculated, but 
without any FIR filtering. An accident condition is deter 
mined if any of the following conditions is true: 
0198 A. Accelerometer vector is greater than a threshold 
value T and width of peak accelerometer values is more 
than T., and duration of accelerometer curve is more than a 
threshold Value Totnett, or 
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(0199 B. A free fall condition is detected which means 
Axler, A-ter, and Azter all are approximately Zero; or 
0200 C. A roll over condition is detected; or 
0201 D. Gyro vector value is more than a threshold value 
of Te; or 
(0202 E. Airbag is deployed. This is detected by OBD-2 
connection. 
0203 The “&&’ means a logical AND operation as used 
by a C program, and similarly “condition? X:Y” mean value 
of X if said condition is true, and value ofY otherwise. 
0204 A second embodiment of accident detection is given 
in FIG. 30, where average acceleration value larger than a 
threshold is used as part of the equation instead of peak and 
width of acceleration curve. The acceleration curve is cap 
tured when a peak a detected and this sequence of accelera 
tion values are then analyzed for various parameters such as 
width of peak, average value, the duration from tl to t2, etc. 
0205 The third embodiment of accident detection, shown 
in FIG. 31, first uses the vehicle make and model that is 
entered as part of set up of the present system during instal 
lation to determine the vehicle's unloaded weight. This 
weight value is then used to adjust various threshold values in 
the rest of the algorithm, because acceleration curves will be 
dependent on the vehicle weight. This embodiment also uses 
the Severity Index (SI) for accident detection. Also, free fall 
over a certain distance is used to filter out the present unit 
falling from windshield, because the distance will not be 3+ 
feet for example in that car for a passenger vehicle. 
0206. The fourth embodiment, shown in FIG. 32, uses 
both SI value more than a threshold value as well as width of 
peak of accelerometer curve larger than a threshold value. 
This embodiment also uses weight of vehicle to determine 
several threshold values. The fifth embodiment, shown in 
FIG. 33, is the same except vehicle weight is not used to 
determine threshold parameter values. 
0207 Reporting a detected accident is shown in FIG. 34. 
Vehicle flashers are turned when possible via the OBD-2 
interface, so that there are no other further accidents by other 
vehicle as secondary accidents. The vehicle location is deter 
mined by GPS, and nearest address is determined using 
Google maps functionality. Also, number of passengers is 
detected using face detection using both rear view cameras. 
The severity of accident is calculated using a scaled severity 
index so that worst-case accident is 10 out of 10. Connection 
to 4G is established as soon as an accident, which may take 
several seconds. User can also request police or medical help 
by pressing a button, which is defined as a level one severity 
out of ten. An accident video from multiple cameras is pre 
pared and uploaded to a cloud server drop box. The URL of 
uploaded video is embedded in the accident notification SMS, 
email or other IP communication of accident notification. A 
delay of 10 seconds is provided to rescind the emergency help 
request, while connection, compilation of video is being pre 
pared. 

Roll Over and Free Fall Detection 

0208 If roll over or free fall condition is detected, then the 
severity level of an accident is set to 10 out of maximum scale 
of 10, otherwise, the severity level is calculated by the func 
tion of severity index SI above. 
0209 Normally, Y axis =1, and Z indicates vehicle accel 
eration/deceleration, and X axis is zero. If X axis is >T or Y 
axis <T, then roll over is indicated. 

Oct. 9, 2014 

0210 Time for Free Fall >T for free fall: Determine dura 
tion of free fall in milliseconds. Derive distance from this 
duration data: 

(0211 Tree sqrt (A/(2xD))-sqrt (9.8 m/sec/2x 
3m)=1.27 seconds 

IP Based Emergency Services 

0212. The current automatic accident notification systems 
send information to a call center, and after Voice communi 
cation with driver, the call center relays information to emer 
gency call center via Voice communication. All this voice 
communication and re-relaying of information by the call 
center wastes precious response time. Each minute that an 
injured crash victim does not receive emergency medical care 
can make a large difference in their Survival rate, e.g., analysis 
shows that reducing accident response time by one minute 
correlates to a six percent difference in the number of lives 
saved. An effective approach for reducing traffic fatalities, 
therefore, is to reduce the time between when an accident 
occurs and when first responders, such as medical personnel, 
are dispatched to the scene of the accident. The method of 
present system and method is to immediately contact Public 
Service Answering Point (PSAP) via both data and voice 
channels. Also, accident of the video is uploaded to a dropbox 
in the cloud and the URL link (Uniform Resource Locator: a 
protocol for specifying addresses on the Internet) to audio 
video accident data is sent with the emergency help request 
data. Because the present method and system uses three or 
four HDR cameras continuously recording the Surrounding 
and inside to an embedded SD Card non-volatile storage, the 
present system contains a three or four channel HD Digital 
Video Recorder (DVR), it sends H.264 or H.265 compressed 
audio-video information from seconds before the accident to 
seconds after the accident occurrence. For example, it sends 
video data from three cameras (audio is optional) from 5 
seconds before the accident to 2 seconds after the accident, 
i.e., a seven second duration of video is uploaded to a cloud 
drop box for three channels, and the link to this video (or three 
links to three separate audio-video files are sent with the 
accident data message (see FIG. 40(A) and FIG. 40(B)). 
Hence, it is important to communicate the conditions and data 
of an accident clearly and concisely to emergency services of 
PSAP 

0213. The video from multiple channels can either be 
recorded as separate Audio-Video compressed media files, or 
can be merged into a 360 degree panoramic video using a 
QuickTime Video Recorder (QVTR) or similar format that 
supports 3-dimensional videos. QTVR movies display three 
dimensional places (panoramas) and objects with which the 
user can interact. With a QTVR panorama, it’s as if you’re 
standing in the scene and you can look around you up to 360 
degrees in any direction. In a QTVR movie of an object, you 
can rotate the object in any direction. To panthrough a QTVR 
movie, drag the cursor through the scene. 
0214. The present invention uses IP based emergency ser 
vices to connect and communicate concise accident informa 
tion, and does not require call-center with associate delays in 
response and annual S200 fees. The accident video envelop 
ing the accident from multiple embedded cameras with 
above-mentioned video processing is sent as a URL link as 
part of the message detailing location of the accident, number 
of occupants, severity level, time stamp of the accident, con 
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Science state of driver and passenger after the accident by 
performing facial processing of two rear-view cameras, and 
direction of travel when accident occurred. Such video infor 
mation canthus be viewed not only by the emergency services 
center, but also by police and emergency responders from any 
web-enabled device. The video is captured by a high-defini 
tion (HD) and High-Dynamic-Range (HDR) camera modules 
and processed by adaptive pre-processing as described herein 
and compressed using H.264 or H.265 standards for video 
quality. The front-view camera is accurate to view the License 
Plate Number Recognition (LPNR) of the vehicle ahead of 
the trigger event. 
0215. The IP based emergency services are contacted via 
SMS 911 or NG-9-1-1 in the USA, and eCall in Europe. The 
SMS 911 Text messaging is one of consumers’ preferred 
means of communication and increasingly used to access 
life-saving emergency services using Short Message Service 
(SMS). J-STD-110 makes a new generation of emergency 
communications capabilities possible. It allows text to 911 to 
be broadly implemented across the United States to get emer 
gency messages to public safety answering points at times 
when help is needed most.” SMS 911 does not support video 
payload but the present system and method embeds one or 
more URL links to a. SMS message after uploading the audio 
Video information to the cloud storage. 
0216 SMS is extremely reliable, so much so that an SMS 
system will attempt to deliver a message for days after it is 
sent. Text-based messaging is so reliable that future national 
alert system, CMAS, is based on it. Likewise, the claim that 
SMS cannot provide the sender's location for 911 call routing 
is also false. The record is clear that location information 
adequate for call routing is available today, and that precise 
location can be provided without network upgrades.” 
0217. In Europe eCall will be used for communication to 
emergency services. In the near future, a car will have an 
electronic safety system automatically calling emergency Ser 
vices in case of a serious accident. Even if you are uncon 
scious, the system will inform rescue workers of the crash 
site's exact whereabouts, and the rescues will be on its way 
within minutes. The system, which has been referred to as 
“eCall', is going to work all over the European Union. It will 
soon be rolled out across the EU plus Iceland, Norway and 
Switzerland. 

0218. As soon as the eCall device in a car senses a severe 
impact in an accident, it automatically initiates a 112 emer 
gency call to the nearest emergency center and transmits it the 
exact geographic location of the accident scene and other 
data. With the same effect, eCalls can also be made manually, 
at the push of abutton. This is convenient if, for instance, you 
become witness of an accident. Whether the call is made 
manually or automatically, there will always be a voice con 
nection between the vehicle and the emergency call center in 
addition to the automatic data link. This way, any car occu 
pant capable of answering questions can provide the call 
center with additional details of the accident. 

0219 Action to reduce death figures and injuries on 
Europe's roads is urgently needed. In 2009, about 35,000 
people were killed and 1.5 million injured in about 1.15 
million traffic accidents on the EU's road network alone. 
Getting an immediate alert in the event of an accident and 
knowing the exact location of the crash site cuts emergency 
services response time by 50% in rural and 40% in urban 
areas. Thanks to this gain in time, eCall is expected to save 
several hundred lives in the European Union each year, and to 
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mitigate the severity of tens of thousands of injuries. eCall 
will also result in faster treatment of injured people, thereby 
giving accident victims better recovery prospects. Arriving at 
the accident scene Sooner will also allow faster clearance of 
crash sites, thus reducing the risk of secondary accidents, 
decreasing congestion times, cutting fuel waste and lowering 
CO2 emissions. 
0220. In hard financial terms, the EU’s economic loss 
caused by road accidents amounts to more than € 160 billion 
per year. If all cars were equipped with the eCall system, up to 
€ 20 billion could be saved annually. 
0221) The next generation IPEmergency system in USA is 
NG-9-1-1: A system comprised of Emergency Services IP 
networks (ESInets), IP-based Software Services and Appli 
cations, Databases and Data Management processes that are 
interconnected to Public Safety Answering Point premise 
equipment. The system provides location-based routing to the 
appropriate emergency entity. The system uses additionally 
available data elements and business policies to augment 
PSAP routing. The system delivers geodetic and/or civic 
location information and the callback number. NG-9-1-1 also 
Supports embedded audio-video files for communicating 
accident audio-video information directly. 
0222 Contacting PSAP by the use of SMS 911, eCall, 
NG-9-1-1 or other similar system using the internet protocols 
(IP) is referred to as IP-Based Emergency services herein. 
0223) The various information that are compiled and/or 
gathered for reporting as shown in FIG. 40(A) and FIG. 
40(B). Such information includes make and model of vehicle, 
color of vehicle, license plate number, and driver name. Also, 
location information in terms of latitude and longitude is 
included and time of accident is included along with severity 
index value. The severity index value provides an objective 
assessment of the level of emergency. Also, nearest address 
information is determined by accessing Google maps by the 
present method and system. Another useful information is 
number of passengers in addition to the driver in the vehicle, 
when possible. The present system counts the number of 
faces in the vehicle for reporting. The direction of travel at the 
time of accident is also included, which is important for quick 
approach by emergency responder vehicles when there is a 
center divider barrier on the highway. The present system 
uses the DVR features to determine the direction just prior to 
the occurrence of the accident, as direction of vehicle after the 
accident is likely to be not accurate. The present system also 
provides phone number of the system for any callback from 
the emergency services, which will be automatically 
answered by the system and communication between the 
driver/passengers and emergency services can use speaker 
phone capability of the present system. 

Parked Car Protection 

0224. The present method also provides parked car pro 
tection, and notification of parked vehicle damage. This is 
enabled when engine is off and for a time period such as 10 
hours during which the vehicle is likely to return to its home 
base so that there is no long term drain on the vehicle battery. 
A bump is detected when any component of accelerometer or 
gyro value change is detected. The accelerometer and gyro 
has several scales of different sensitivity. For accident, the 
high value scale is used, and for parked vehicle the most 
sensitive scale is selected. If there is a bump or a sound level 
higher than a threshold is detected, then park alarm notifica 
tion is issued via email or SMS, and video of the event from 
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t-5 seconds to +3 seconds is also uploaded to the cloud and 
sent as a URL link to the owner or vehicle operator, where “t' 
is the time of bump. The parked damage reporting is shown in 
FIG. 37. The ability of capturing before the event is possible 
because all cameras are continuously recording and Such 
trigger events access the multi-channel digital video recorder 
that is embedded in the present system. The video will clearly 
show the vehicle or person(s) hitting the vehicle. The second 
embodiment, shown in FIG. 36, provides a delayed exit or 
entry to the vehicle, as otherwise exiting or entering the 
vehicle will also cause trigger event due to closure of door or 
trunk. The “abs' refers to absolute value math function. 

I claim: 
1. A method for detecting a vehicle accident and notifying 

emergency services in case an accident is detected, said 
method comprising: 

determining unloaded weight of a vehicle in accordance 
with make and model of vehicle selected; 

Selecting threshold values of accident detection parameters 
in accordance with the determined unloaded weight of 
the vehicle: 

calculating a series of acceleration vector values in accor 
dance with inputs from an X-Y-Z accelerometer; 

filtering said acceleration vector values; 
calculating a severity index (SI) value, width of peak of 

said acceleration vector, and an average acceleration 
value and duration of time around a peak acceleration 
event; 

determining occurrence of a severe accident; 
connecting to wireless broadband network when the acci 

dent is detected; 
determining a location information in terms of latitude and 

longitude based on GPS inputs; 
determining a nearest address based on said location infor 

mation; 
calculating a scaled severity index (SI) of accident; 
capturing an accident video using multiple cameras from 

several seconds before the accident to some seconds 
after the accident in a standard compressed video file 
format; 

uploading said captured accident video to a drop box in a 
cloud storage, and providing a URL link to access it in an 
emergency help request message; 

composing an emergency help request message which 
includes accident information including said scaled 
severity index value, location and time of accident, 
vehicle information, said nearest address, and link to 
accident video; and 

sending said emergency help request message to IP based 
emergency services of Public Safety Answering (PSAP) 
that has jurisdiction over a caller's location, using a 
messaging system that includes but not limited to one of 
SMS 911, NG-9-1-1, and eCall. 

2. The method of claim 1, further comprising: 
determining rotational gyro vector in accordance with 

inputs from a X-Y-Z gyro sensor, wherein said rotational 
gyro vector exceeds a threshold value To: 

detecting a free fall more than certain distance D, 
detecting a roll-over condition; 
detecting an airbag has deployment; and 
wherein an accident event is further triggered when any of 

the above steps is detected. 
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3. The method of claim 1, further comprising: 
determining a direction of travel at the time of the accident 

in accordance with direction of vehicle just before the 
accident; and 

reporting said direction of travel as part of emergency help 
request for a quicker response from emergency services. 

4. A method for automatically detecting vehicular acci 
dents and providing accident notification, the method com 
prising: 

calculating an acceleration vector value; 
detecting a trigger event when said acceleration vector 

value exceeds a threshold value; 
capturing a sequence of accelerator vector values around 

said trigger event as a function of time; 
capturing video of accident from multiple cameras; 
determining if a severe accident has occurred in accor 

dance with said sequence of accelerator vector values 
around said trigger event, and upon detection of said 
severe accident, the method further comprising the steps 
of: 
determining latitude, longitude and nearest address 
upon detection of said severe accident; 

calculating scaled severity index (SI) of accident; 
connecting to internet via wireless broadband modem 

that includes but not limited to 3G, 4G LTE and 5G 
wireless broadband modem standards; 

uploading said captured video of accident to a cloud 
drop box: 

composing a message that includes but not limited to 
severity level of accident, the latitude, longitude and 
nearest address of said accident, vehicle make, model 
and license plate, link to uploaded said captured video 
of accident, and time of accident; and 

sending said message to IP based emergency services. 
5. The method of claim 4, whereinaccident is also detected 

when one of following conditions occur: gyro Vector exceeds 
a certain threshold value, free fall over certain distance is 
detected, vehicle roll-over condition is detected, or airbag 
deployment is detected. 

6. The method of claim 4, wherein an accident is detected 
when severity index value is larger than a threshold value and 
width of peak of acceleration is larger than a threshold peak 
width value. 

7. The method of claim 4, wherein accelerator vector val 
ues are filtered by an FIR filter before use for detection of 
accident. 

8. The method of claim 4, wherein threshold values for 
various parameters is determined as a function of vehicle 
make and model, further comprising the step of determining 
vehicle weight. 

9. The method of claim 4, wherein an accident is detected 
when average acceleration value exceeds a certain threshold 
and filtered accelerator peak exceeds said certain threshold 
value. 

10. The method of claim 4, wherein an accident is detected 
when severity index (SI) exceeds T, width of peak accelera 
tion value exceeds T, and duration of accident exceeds 
Touri, threshold value. 

11. A method for determining driver analytics for a driver, 
method comprising: 

getting X-Y-Z gyroscope and X-Y-Z accelerometer mea 
Surement values; GPS speed and location, and engine 
control parameters including speed, engine load, and 
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capturing video of driver's face with one or more HDR 
Cameras, 

performing facial processing to determine driver's face 
gaze direction and levelofeyes closed to determine if the 
driver is watching a road ahead; 

determining multiple driver analytic parameter values 
including driver distraction and drowsiness condition 
using embedded processing and embedded none-vola 
tile storage of video, metadata including driver analytics 
parameter values; 

Selecting a set of driver analytic parameters for each of 
multiple profiles; 

Selecting one or more profiles to be active; 
connecting to internet via wireless broadband modem that 

includes but not limited to 3G, 4G LTE, and 5G stan 
dards; and 

reporting said set of driver analytic parameters for active 
profiles to one or more pre-determined IP destinations 
via internet by use of email, SMS, or FTP transfers, 
wherein reporting frequency and one or destinations are 
determined as part of setup and selected profile reporting 
rules. 

16 
Oct. 9, 2014 

12. The method of claim 11, wherein selectively creating a 
modified cost of an insurance policy as a function of said 
selected set of driver analytic parameters and presenting the 
modified cost of the insurance policy to an operator of a 
vehicle. 

13. The method of claim 11, wherein set of parameters that 
are calculated and maintained by an embedded processorina 
non-volatile embedded memory includes but not limited to 
list of parameters given by total miles driven, over speeding, 
hardbraking, late night driving, X+ mph over speeding, aver 
age highway speed, bad weather over speeding, hard accel 
eration, hard cornering, acceleration/deceleration jerk, high 
revving near redline, night time hours driven after midnight 
hours driven, drowsiness detected, distraction detected, num 
ber of over idling events, Sudden lane changes, tampering 
detected, emergency help request, accident notification, 
parked vehicle damage, high beam misuse, tired driving, and 
tailgating. 

14. The method of claim 13, wherein average highway 
speed is calculated by averaging speed values when speed 
value is larger than a speed value for a period of time with a 
pre-defined hysteresis value. 

k k k k k 


